Dear Editor, A recent study by Conde, Tomasevic et al. (2019) [1] puts a spotlight on the subtleties of experimental design and analysis of studies involving TMS-evoked EEG potentials (TEPs), specifically focusing on the challenge of disentangling genuine cortical responses to TMS from those resulting from concomitant sensory activation. This is a relevant topic that the TMS-EEG community has previously identified [2] and addressed with different strategies [3] [4] [5] [6] . Based on the similarity of the evoked EEG responses they obtained in real TMS at different sites and in sham conditions (auditory and somatosensory scalp stimulation), the authors of [1] inferred that TEPs can be significantly contaminated by the effects of concurrent, non-transcranial stimulation.
We acknowledge this is a valuable reminder to the TMS-EEG community; however, we contend that another fundamental implication of the work by Conde, Tomasevic and colleagues [1] -only incidentally mentioned at the end of their discussion -is that the evoked responses they obtain from both real TMS and sham conditions are substantially different from the TEPs reported in many of the previous studies (see, for example, [7] [8] [9] [10] [11] ). This discrepancy offers a timely opportunity to focus on the issue of the reproducibility of TEPs across laboratories and, most important, can encourage a constructive debate within the whole TMS-EEG community towards the optimization of shared procedures to obtain genuine responses to TMS.
In this vein, Figure 1 directly compares the TEPs reported in [1] with others previously published in different studies taken as a reference by Conde, Tomasevic and colleagues [1] . Figure 1 angle and site of stimulation and that are very different from those obtained in [1] . This simple comparison highlights a general problem of reproducibility and offers an excellent opportunity to discuss two critical steps in TMS-EEG data acquisition: (i) maximising the impact of TMS on the cortex, and (ii) minimizing EEG confounding factors due to sensory co-stimulation.
Please insert
Regarding the impact of TMS on the cortex, it is very likely that the authors of [1] were not as effective as other investigators for the following reasons. First, they applied TMS with a maximum electric field (E-field) intensity between 70 and 90 V/m according to their estimation, assuming a priori that this would have warranted effective cortical activation based on a previous work [12] . However, in [1] the authors adopted a small coil (outer winding diameter: 45 mm) which, compared to the larger ones (outer winding diameter: 70-90 mm) employed in previous works [3, 7, 9, 10, 12, 13] activates a smaller cortical volume, maximum E-fields being comparable. Second, the authors of [1] reported having controlled online for the amplitude of the early TEP to obtain a minimum peak-to-peak amplitude of 6 μV. This real-time check is indeed a crucial step to assess the actual impact of TMS on the cortex, given the complexity of the interactions among coil dimensions, the different methods for E-field estimation (computed in [1] at a gyrus of the cortex, thus possibly overestimated [14] ), and the inter-individual variability in cortical morphology and excitability. In this regard, it is key to note that the authors of [1] performed this control by inspecting on-line average TEPs using a cephalic common reference, an EEG montage where the observed voltage largely depends on the reference position with respect to the electrode of interest. Conversely, previous studies employed the average-referenced signal (see, for example, [15] ), which provides a reference-independent presentation of the potentials generated by cortical sources [16] . As a result, when the authors of [1] analysed their responses off-line using the average reference, they found much smaller early TEP components than what they had originally aimed at (as reflected in the grand averages reported in Figure 1 ).
All the above highlights the need for a careful selection of stimulation parameters and for an adequate real-time monitoring of average TEPs in order to warrant an effective cortical stimulation, a necessary requirement for TEPs reproducibility.
On the other hand, regarding sensory co-stimulation, the fact that the responses observed in [1] were stereotypical and did not vary depending on the stimulation site, may be explained by a deficient control over confounding factors. In fact, despite the use of noise masking, the participants in [1] could still perceive the click associated with TMS as indicated by the average VAS rating ≥3 (individually rated up to 8 out of 10). This likely contributed to the large EEG components (50-200 ms) reported for both the real TMS and sham conditions and suggests a suboptimal masking of the TMS click (possibly related to the specific coil used by the authors).
Although it is difficult to systematically rule out the contribution of sensory co-stimulation in each and every measurement, previous studies showed that ad-hoc auditory masking procedures associated to the use of other coil types may be effective in minimizing sensory event-related potentials (ERPs) [4, 17] .
Thus, the results reported in [1] suggest that the combination of insufficient cortical stimulation and insufficient masking of auditory inputs may lead to an EEG response dominated by stereotypical sensory ERPs even in the real TMS conditions, similar to a sham condition. This is very important, because this unwanted outcome may have affected, to various degrees, a number of other TMS-EEG studies (including some by the authors of this letter), where small (or nondetectable) early components are followed by a prominent and stereotypical N100-P200 sequence. However, it is equally important to recognize that this does not generalise to all TMS- [7, 8, 11, 13, 18 ] (see Supplementary Material: Supplementary Figure 1 and animation file). Crucially, these responses are also characterized by state-dependent changes in time-frequency features [19] and overall spatiotemporal complexity both at early and late latencies [17] that can be fully replicated by recording the cortical responses to single-pulse intracranial electrical stimulation [20, 21] , which is not associated with any auditory or somatosensory response.
Having recognized the heterogeneity of TEPs' quality reported in the current literature, future methodological studies should consider open data sharing and direct comparisons across laboratories in order to appraise the current state of the field and propose constructive exchanges to jointly define standard procedures. In this vein, we share a dataset (see link in the supplementary material) from the original study reported in Figure 1A [11] , as a first opening toward the implementation of a TMS-EEG data repository. Future methodological work should certainly also include the use of realistic sham conditions (scalp and auditory stimulation) to reassess the contribution of sensory ERPs on TEPs absolute amplitude and topography in cases where the effectiveness of cortical stimulation has been first documented. Yet, it is important to note that designing realistic sham conditions may be rather challenging even in healthy controls, as demonstrated in [1] , and utterly unfeasible in patients in whom a reliable psychophysics assessment cannot be performed.
In conclusion, the example provided in [1] emphasizes an intrinsic challenge about the nature of TMS-EEG that we all in the TMS-EEG community need to reappraise. The genuine impact of TMS on the cortex depends on several factors that a priori are hard to control for, even when following the best guidelines and using state-of-the-art neuronavigation. These factors encompass coil design, E-field orientation with respect to axons, the 3D morphology and cytoarchitectonic of the underlying cortical tissue in individual brains. In this respect, TMS-EEG is not a magic wand but M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 8 more akin to an ultrasound probe that requires skilful handling in order to recover a strong signal of interest amidst layers of noise. The first duty of an ultrasound operator is to aim and orient the probe so as to recover on her/his monitor a robust echo from the target structure; when basic signal-to-noise criteria are met, only then can the actual measurement start. We all trust ultrasound for key decisions in life-threatening cases, even though we know that the same probe would only recover noise if placed on our skin by a blinded operator. Just like the ultrasound community, the TMS-EEG community is now ready to recognize this fact, to share and compare datasets, to develop standard criteria, and to focus on the development of shared real-time TEPs visualization tools and artifact-rejection algorithms [e.g. 22] aimed at maximizing the effects of direct cortical impact against noise, so that different laboratories and operators can reproducibly elicit genuine echoes from the brain. 
